Abstract-A novel approach is proposed for a networked system stability and the simulation results of TDTSGPC are control system with random delays containing a nonlinear process presented in Section 3 and Section 4, respectively. The paper based on a Hammerstein model. The method uses a Time Delay gives the conclusions in Section 5. (1) 2) Simple assumptions of the characteristics of network-with linear GPC method (LGPC) first, and then obtain the induced delays, mostly constant. real control sequence u(k) from the relationship v(k) = In this paper, the input nonlinearity (represented by Ham-f(u(k)), k = 1,2, ..N2 where N2 is the control horizon [6]. merstein model) and a random network-induced delay are
*. INTRODUCTION by v(k) = f(u(k)) where f() is a nonlinear function with A control loop is called a "Networked Control Sys-f(O) = 0 and the linear part is represented by CARIMA tem" (NCS) when it is closed via a serial communication model: network [l] .This configuration brings to the system lower cost, ay(k) = bv(k -1) + ((k)/A
(1) flexibility, the ability of remote control, etc., but at the same time, the time delay introduced by the network (so called where (,(k) is Gaussian white noise with zero mean value, "network-induced delay") greatly degrades the performance A 1 -z1, a 1 + a1z1 + + .. + n b bo + b1z1 + of the system, even makes the system unstable under certain + bmjzm with a, :t 0, bm t0. conditions. Such an implementation presents a new challenge
In the following section, the two parts of TDTSGPC, the to conventional control theory.
design of TSGPC and the time delay compensator, will be A large number of papers have addressed NCSs to date, but presented respectively. unfortunately, only some basic cases have been considered or some unrealistic assumptions have been made [2] (1) 2) Simple assumptions of the characteristics of network-with linear GPC method (LGPC) first, and then obtain the induced delays, mostly constant. real control sequence u(k) from the relationship v(k) = In this paper, the input nonlinearity (represented by Ham- all the other entries are 0, D (GTQG + R)-lGTQ, 4) The forward time delay is less than the control horizon
The time delay compensator works as follows: at every time accurately, and therefore difficulties are introduced in the In the case of constant delays, apply Lemma 1 to TDTSstability analysis of the closed-loop system. Here, the practical GPC and denote the characteristic polynomial of the transfer inverse of f (-) is denoted by f1 (.) and usually f f-1. function of the feedforward channel in Fig.3 by d(H) , we then For more information of the calculation of f ( ), one can refer obtain the following theorem. 
uncertainty in a practical implementation. From condition (1)
of Theorem I we see the parameter K is I also the predictive
horizon and control horizon are chosen as N1 = N2= 8. In this paper, the Two Step Generalized Predictive Control approach, which is often used in the controller design for the Hammerstein model system, is integrated with a time delay compensator to deal with the networked control systems based on Hammerstein model with random network-induced delays. This novel approach takes advantage of the characteristic of networks that a sequence of information can be packed to transmit simultaneously so that predictive control method can be really applied to NCSs. A theoretical result is presented for the stability of the system in the case of constant time delay. Simulation work has also been done to illustrate the validity of the approach. Further research is still needed to analyze the stability conditions under random time delays which is not addressed in this paper.
